Abstract-In this paper, we propose an adaptive resource allocation algorithm to maximize the sum data rate for spatial division multiplexing access (SDMA) orthogonal division multiple access (OFDMA) systems using genetic algorithm. We perform Zero forcing (ZF) beamforming at the transmitter constructing single and multiple beams for OFDMA systems with multiple transmit antennas. In order to reduce the complexity and convergence time of genetic algorithm (GA), we present an initial condition obtained by allocating the user to the subcarrier with maximum precoding gain. The proposed algorithm reduces the complexity without sacrificing the performance. We obtain the simulation results and compare them with the classical static and adaptive allocation methods. We show that the GA with the proposed initial condition increases the sum data rate compared to classical GA and reduces the convergence time significantly for SDMA-OFDMA systems. 
I. INTRODUCTION
For next generation wireless communication systems, the wireless systems in the bandlimited channels and with intersymbol interference (ISI) could support the high data rate broadband applications such as wireless internet access, wireless multimedia and future mobile systems. For these applications, orthogonal frequency division multiplexing (OFDM) that is already involved in many wireless communication standards is one of the promising modulation technique because of its ability to combat ISI over multipath fading channels. Combining OFDM systems with multiple antenna techniques, the performance of communication systems in frequency selective channels improves significantly.
For single user OFDM systems, the Greedy algorithm (adaptive bit and subcarrier allocation) gives the optimal solution to minimize the overall power allocation when the channel coefficients of each subcarrier are known at the transmitter. However, for the multiuser OFDM systems, it is much more difficult to find the optimal solution since a subcarrier allocated to a user can also be the the best for other users.
The subcarrier and bit allocation for OFDMA systems can be separated into static and dynamic allocation. The static subcarrier allocation schemes use fixed resource allocation schemes namely time division multiple access division 1 The work was partially supported by the Tubitak-PIA Bosphorus Project.
(TDMA) and frequency division multiple access (FDMA) [1] . In these schemes, the channel state information is ignored and each user is allocated for a predefined time slot or frequency band.
For dynamic subcarrier and bit allocation algorithms, it is assumed that the channel coefficient for each subcarrier is available at the transmitter. In [2] , iterative searching algorithm applying Lagrangian relaxation for optimum multiuser bit, subcarrier and power is proposed. This algorithm gives a solution close to the optimum solution but the computation complexity is high. In order to simplify the allocation problem, each subcarrier is allocated to the user that has the maximum channel gain for this subcarrier [3] . This algorithm is very simple but cannot achieve all the multiuser diversity gain. A low complexity solution for the problem described in [2] is presented in [4] and it is shown that the performance results approaches the optimum solution. In [5] , a resource allocation solution that reaches the optimum solution with reduced complexity to maximize sum data rate is described by considering capacity calculations. Furthermore, a subcarrier and bit allocation by using genetic algorithm (GA) is presented in [6] and [7] for the problem of the total transmit power minimization with fixed rate constraints . In order to reduce to convergence time of GA, an initial condition is proposed in [6] considering efficiency (when allocating, the users that have the highest channel gain are preferred since they demand less power) and fairness (a number of subcarriers are allocated to each user without considering their channel gains) criteria. In [7] , the GA parameters are adapted during the iteration process to reduce the convergence time.
For OFDMA systems with multiple transmit antennas, the resource allocation includes precoding vector selection, subcarrier allocation and bit loading [8] . The Space Division Multiple Access (SDMA) uses a beamforming technique in a multiple-antenna system and multiplexes multiple users on the same subcarrier to increase the spectral efficiency.
In this paper, we propose to allocate precoding vector, subcarrier and bit/power by using GA to maximize sum data rate for OFDMA systems with multiple transmit antennas. In this scheme, we perform Zero forcing (ZF) beamforming at the transmitter constructing single and multiple beams. In order to reduce the complexity and convergence time of GA, we propose an initial condition which is obtained by allocating the user to the subcarrier having maximum precoding gain. First, we describe the system model of SDMA-OFDMA systems over wireless channels in section 2. Then, we present the adaptive resource allocation algorithm for describing GA in section 3. Finally, in section 4, we present the simulation results by evaluating the sum data rate and the convergence time.
II. SYSTEM MODEL FOR SDMA-OFDMA
We consider a SDMA-OFDMA system with N t transmit antennas, K users with single antenna and N subcarriers as drawn in Figure 1 . In this model, the channel vector between the base station and the kth user for the nth subcarrier is described by
where H k,n,t is the channel information from the tth transmit antenna to the kth user for the nth subcarrier. For a system where N t ≤ K, let S n be the set of N t users scheduled at subcarrier n and the associated users' data are transmitted using ZF precoding. Then H(S n ) denotes the matrix consisting of N t channel vectors of the selected users at subcarrier n. The relation between the data vector S n (S n ) and the received signal for kth user and nth subcarrier can be written as:
where P is a diagonal matrix consists of power allocation between the subcarriers and the beams, X(S n ) ∈ C Nt×1 is the transmitted symbol from the base station antennas.
The ZF transmit beamforming matrix is given by
In order to keep the short term power constant, we have:
The precoding matrix,W(S n ) is defined by,
where W b (S n ) is the precoding vector for the bth beam and the nth subcarrier with the dimension of N t × 1. In order to maximize the sum data rate, the optimization problem can be given as max Wn;cn;ρn R = max
and
where P T is the total transmit power and ρ k,n,b = 1 kth user is allocated to the beam b for subcarrier n 0 else Consequently, only one user is allocated to each subcarrier and each beam. For M-ary quadrature amplitude modulation (M-QAM) schemes, the bit error probability is upper bounded by the symbol error probability, which is tightly approximated by 4Q( d 2 /(2N 0 )) [9] where d is the minimum distance between the points in the signal constellation. Since the average energy of a M-QAM symbol is equal to (M −1)d 2 /6, then the required power (in energy per symbol) f (c n,b ) for supporting c n,b bits per symbol at a required bit-error-rate (BER) p e can be represented by
where N 0 /2 denotes the variance of the additive white Gaussian noise (AWGN) and
III. ADAPTIVE RESOURCE ALLOCATION WITH GENETIC ALGORITHM
GA is based on the mechanism of natural selection of stronger individuals. GA is an attractive algorithm for some types of optimizations by improving the computational performance [6] . In this work, we propose to use the GA to optimize the precoding, subcarrier and bit allocation for SDMA-OFDMA systems to maximize the sum data rate. This optimization problem is a difficult non-convex optimization problem. In this algorithm, each subcarrier and each OFDM symbol is modeled as a gene and chromosome respectively. The number of genes in a chromosome is equal to the number of multiplication of subcarriers and number of transmit antennas in an OFDM symbol. The value of each gene is confined to the integer from 1 to K. For example, if the first gene of the chromosome is k for beam b, then the subcarrier is allocated to the user k for beam b.
The algorithm is described as follows:
Step 1)Initial population: It includes W chromosomes.
Step 2)Evaluate: Fitness function is chosen as the sum data rate. The higher the sum data rate, the better is the fitness of the chromosome. For each chromosome, after applying bit allocation to the given subcarrier and beam allocation, the sum data rate is calculated using (7) considering the constraints defined in (8) and (9) . The precoding vector is determined using the ZF beamforming.
Step 3)Generate the new population: Selection: The P chromosomes that have the lowest fitness are discarded. The remaining W −P chromosomes are applied to the crossover and mutation processes and are then selected for the new population. The best P chromosomes are directly added to the new population without applying any process.
Crossover: The probability of crossover is set to P c and (W − P ) * P c chromosomes are applied to the two-point crossover and then passed to the new population. The remaining (W − P ) * (1 − P c ) chromosomes are directly passed to the new population.
Mutation: The probability of mutation is set to P m and after the crossover process (W − P ) * P m chromosomes are applied to the mutation and added to the new population. The remaining (W − P ) * (1 − P m ) chromosomes are directly added to the new population without any mutation. In order to avoid the convergence of the algorithm to a local maximum solution, the probability of mutation is changed to P m1 when no better individuals is found in 5 consecutive generations, to P m2 when no better individuals is found in 10 consecutive generations and to P m3 when no better individuals is found in 15 consecutive generations. G m among the N gene of the selected chromosomes are applied to the mutation.
Step 4) Repeat the Step 2-4 until the predefined generation number (assumed to be D) is reached or no better array is found after 20 consecutive generations. The best array in the population is the final solution.
A. The Proposed Algorithm
The reduction of the number of iterations to reach the final solution is one of the important issue in the GA in order to reduce the convergence time and the complexity of the algorithm. For this purpose, the parameters should be determined properly and the initial population should include the good chromosomes to accelerate the process. In the classical GA, the initial population is generated randomly. In [6] and [7] , for multiuser OFDM systems, a chromosome that minimizes the transmit power is added to the initial population in order to reduce the number of iterations. In this paper, we propose to reduce the number of iteration and consequently the convergence time by adding a special chromosome that maximize the sum data rate to the initial population.
Modified
Step 1) While reconstructing the initial population, W − 1 chromosomes are generated randomly as in classical GA and the last chromosome is obtained by allocating the subcarriers to the beam and the user with the maximum precoding gain.
For each subcarrier, the user index that has maximum precoding gain is selected for each beam as,
where n = 1, 2, ..., N , b = 1, ..., N t . Then, for each subcarrier and each beam, the users are allocated as, ρ κn,n,βn = 1
IV. SIMULATION RESULTS
In this section, considering the sum data rate performance, we compare the proposed GA with with TDMA, FDMA, maximum user selection and the classical GA algorithms. Furthermore, we obtain the performance results of convergence time for GA with modified Step 1 and classical GA.
We perform the simulation results using a typical office environment with 9 channel taps. The total OFDM symbol duration is 4μs including 0.8μs guard interval. It consists of N = 64 subcarriers. The Doppler frequency is set to 50Hz. The required BER and the noise variance are chosen as p e = 10 −3 and N 0 = 1 respectively. The number of bits per symbol is selected as M = 0, 1, 2, 4, 6 that corresponds to modulation types BPSK, QPSK, 16QAM, 64QAM. The transmitted power is fixed at P T = 20dBW. The average data rates are calculated for one OFDM symbol to obtain results independent from the frame length. The number of transmit antennas is chosen as N t = 2.
The parameters for GA is listed in Table I as following: 
For TDMA, each user is assigned a predetermined time slot and can use all the subcarriers within that time slot. For FDMA, each user is assigned a predetermined band of subcarriers and can only use those subcarriers in every OFDM symbol. In order to compare static allocation techniques to dynamic resource allocation techniques fairly, the bit loading is also applied to TDMA and FDMA. The maximum user selection algorithm is performed by exhaustive search considering all combination of the user pairs for beams for each subcarrier.
In Figure 2 , the sum data rate values is shown for the classical and proposed GA at each iteration for K = 4 and 8 users respectively constructing only one beam. It is observed we obtain a lower average convergence time for the proposed GA than the classical one by only adding one good chromosome to the initial population.
For different users, the average iteration number is drawn in Figure 3 and it is shown that the proposed algorithm has a better convergence performance than the classical one.
In Figure 4 , the sum data rate results with one beam OFDMA systems are compared to existing algorithms and it is shown that the proposed algorithm gives the best performance.
In Figure 5 , according to the results for two beams, the better sum data rate results are obtained compared to classical one. 
V. CONCLUSION
In this paper, we have proposed a resource allocation for SDMA-OFDMA systems with ZF beamforming by using the genetic algorithm for the multiple antennas case. The aim was to maximize the sum data rate however the proposed algorithm can also be used to minimize the transmit power. The proposed algorithm allocates more than one beam when it increases the sum data rate. Furthermore, in order to accelerate the convergence time of the GA, we have added a good chromosome to the initial population. This chromosome is obtained by allocating users to the beams with a maximum precoding gain. The performance results shown that using two beams increase the sum data rate while the required convergence time is reduced significantly with proposed solution.
